Allonocardiopsis opalescens gen. nov., sp. nov., a new member of the suborder Streptosporangineae, from the surface-sterilized fruit of a medicinal plant , was isolated from a surfacesterilized fruit of Lonicera maackii (Rupr.) Maxim., a medicinal plant, which was collected from a suburb of Beijing, China. Whole-cell hydrolysates of the isolate contained galactose and mesodiaminopimelic acid. The predominant phospholipids were phosphatidylglycerol and diphosphatidylglycerol; the menaquinones consisted mainly of MK-9, MK-11 and MK-12, with a minor amount of MK-10. The major fatty acids were iso-C 16 : 0 , anteiso-C 15 : 0 and iso-C 15 : 0 . Comparative analysis of 16S rRNA gene sequences indicated that strain I10A-01259 T was most closely related to Nocardiopsis arabia S186 T (93.2 % sequence similarity), Thermobifida halotolerans YIM 90462 T (93.0 %) and other strains of genera within the families Nocardiopsaceae and Thermomonosporaceae. On the phylogenetic tree based on 16S rRNA gene sequences, strain I10A-01259 T fell within the radius of the suborder Streptosporangineae, in which the strain formed a distinct lineage next to the genera of the families Nocardiopsaceae and Thermomonosporaceae. Based on the data from our polyphasic taxonomic study, a novel genus and species, Allonocardiopsis opalescens gen. nov., sp. nov., are proposed within the suborder Streptosporangineae. The type strain of Allonocardiopsis opalescens is strain I10A-01259 T (5CPCC 203428 T 5DSM 45601 T 5KCTC 19844 T ).
The suborder Streptosporangineae Stackebrandt et al. 1997 is a lineage of the Actinomycetales and accommodates three families, Streptosporangiaceae (Goodfellow et al., 1990) , Nocardiopsaceae (Rainey et al., 1996) and Thermomonosporaceae (Stackebrandt et al., 1997) , as well as a recently described genus, Sinosporangium (Zhang et al., 2011) . Members of this suborder share a common taxonspecific 16S rRNA signature nucleotide pattern (Zhi et al., 2009) . Here, we describe the results of phenotypic and phylogenetic analyses of an endophytic actinomycete that represents a novel species of a new genus in the suborder Streptosporangineae.
Strain I10A-01259
T was isolated from a surface-sterilized red fruit of Lonicera maackii (Rupr.) Maxim., a medicinal plant, grown in a suburb of Beijing, China. After 3 weeks of incubation at 28 u C on starch-inorganic salts agar (l -1 ; 2 g starch, 0.5 g K 2 HPO 4 , 0.5 g MgSO 4 , 1 g KNO 3 , 0.4 g NaCl, 0.01 g FeSO 4 . 7H 2 O, 15 g agar; pH 7.2), strain I10A-01259 T was picked and purified and then maintained on ISP 2 agar (Shirling & Gottlieb, 1966) at 4 u C and as glycerol suspensions (20 %, v/v) at 280 u C.
Cultural and morphological characteristics of the isolate were determined after growth for 7-30 days at 28 u C on R2A (Difco), ISP 2, ISP 3, ISP 4 and ISP 5 (Shirling & Gottlieb, 1966 ), Czapek's solution agar (Waksman, 1961) , nutrient agar (Difco) and potato agar (Waksman, 1961) . The morphology of spores and the arrangement of hyphae were examined using the coverslip technique (Zhou et al., 1998) and then observed with a scanning electron microscope (Quanta 200; FEI) using gold-coated dehydrated specimens of 20-day cultures from ISP 4 agar.
Growth was tested at 0, 4, 10, 20, 28-37 (at intervals of 1 u C), 40, 45 and 55 u C on ISP 2 agar. Other physiological and biochemical tests were performed at 28 u C. The pH range for growth was examined at pH 4.0-13.0 (at intervals of 1 pH unit) using the buffer system described by Xu et al. (2005) . Tolerance of NaCl was examined using ISP 2 broth as the basal medium with different NaCl concentrations [0-5 % (at intervals of 1 %), 7 and 10-25 % (in 5 % increments), w/v]. Carbon source utilization was tested using Biolog GEN III MicroPlates according to the manufacturer's instructions. Sole nitrogen sources were determined using the following basal liquid medium (l
21
): 1 g D-glucose, 0.05 g MgSO 4 . 7H 2 O, 0.05 g NaCl, 0.001 g FeSO 4 . 7H 2 O and 0.01 g K 2 HPO 4 . All of the above physiological character tests were observed consistently for 30 days. Qualitative enzyme tests and acid production from carbohydrates were determined using the API ZYM and API 50CH systems (bioMérieux) according to the manufacturer's instructions. Other physiological tests were examined according to previously described procedures (Yuan et al., 2008) .
Biomass for molecular systematic and chemotaxonomic studies was obtained by cultivation in shake flasks on a rotary shaker (150 r.p.m.) using trypticase soy broth (Difco) at 28 u C for 6 days. The sugar pattern and isomer of diaminopimelic acid in whole-cell hydrolysates were determined using TLC as described by Lechevalier & Lechevalier (1965 , 1980 . Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures (Minnikin et al., 1984) . Menaquinones were extracted according to Collins et al. (1977) and analysed by HPLC (Groth et al., 1997) and then confirmed by LC/MS. Here, the parameters were the same as those described above except that the temperature was maintained at 25 u C. An LTQ linear-ion-trap mass spectrometer (ThermoFisher Scientific) with an atmospheric pressure chemical ionization (APCI) source was used for MS analysis. Negative-ion APCI was used to form negatively charged analyte ions with the following settings: nitrogen sheath gas, 30 p.s.i. (206.8 MPa); aux. gas, 10 p.s.i. (68.9 MPa); APCI vaporizer, 450 u C; heated capillary, 350 uC; tube lens, 75 V. Cellular fatty acids were extracted, methylated and analysed using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions (Kroppenstedt, 1985; Meier et al., 1993) . MIDI Sherlock version 6.0 and the ACTIN1 database were employed for this analysis. Extraction of genomic DNA and PCR amplification of the 16S rRNA gene were done as described by Li et al. (2007) . Purified PCR products were sequenced with an ABI PRISM automatic sequencer. The obtained sequence was compared with available 16S rRNA gene sequences from GenBank using the BLAST program and the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net; Kim et al., 2012) to determine an approximate phylogenetic affiliation. Multiple alignments with sequences of the most closely related taxa and calculations of levels of sequence similarity were carried out using MEGA version 4.0 (Tamura et al., 2007) . Phylogenetic trees were constructed using the neighbour-joining method (Saitou & Nei, 1987 ) from K nuc values (Kimura, 1980 (Kimura, , 1983 and the maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) methods with MEGA version 5.0 (Tamura et al., 2007; Kumar et al., 2008) . The topology of the phylogenetic tree was evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates. The G+C content of the genomic DNA was determined using the thermal denaturation method (Marmur & Doty, 1962) , with DNA from Nocardioides dokdonensis DSM 22004 T and Escherichia coli K-12 as references.
Strain I10A-01259 T grew well on ISP 2, ISP 3, ISP 4, R2A and Czapek's agar but grew weakly on potato agar; growth was absent on ISP 5 and nutrient agar. Milk-white and coralline-like-surfaced colonies developed on ISP series media, R2A and Czapek's agar, with abundant branched substrate mycelium. Milk-white to pale-yellowish branching vegetative hyphae developed well without fragmentation on ISP 4 agar and white aerial hyphae were produced. As the culture aged, the aerial mycelium fragmented into short chains of rod-shaped spores with smooth surfaces (Fig. S1 , available in IJSEM Online). Diffusible pigments were not produced on any test media. Growth was observed at 20-40 u C and pH 5.0-11.0 on ISP 2 agar with 0-10 % NaCl, and was optimum at 28 u C and pH 7.0-9.0. Hydrolysis of gelatin, starch and urea and peptonization of milk were positive. Nitrate was not reduced. H 2 S and indole were not produced. Detailed physiological and biochemical characteristics of strain I10A-01259 T are given in the species description.
Galactose and meso-diaminopimelic acid were detected from whole-cell hydrolysates of strain I10A-01259 T as the diagnostic sugar and diamino acid, respectively. The polar lipid profile was as shown in Fig. S2 , containing large amounts of phosphatidylglycerol and diphosphatidylglycerol and four unidentified glycolipids, as well as small amounts of phosphatidylcholine, phosphatidylinositol, two unidentified phospholipids and some unknown lipids. The menaquinone system contained MK-9, MK-11 and MK-12 in a ratio of 1 : 1.8 : 1, and minor amounts of MK-10. The cellular fatty acid profile contained iso-C 16 : 0 (21.6 %), anteiso-C 15 : 0 (11.3 %), iso-C 15 : 0 (10.6 %), iso-C 14 : 0 (9.1 %), C 17 : 1 v9c (7.9 %), C 16 : 0 (6.5 %), C 18 : 1 v9c (5.0 %), anteiso-C 17 : 0 (4.9 %), C 17 : 0 (3.5 %), C 18 : 1 v7c (3.3 %), iso-C 17 : 0 (3.0 %), 10-methyl C 17 : 0 (2.9 %), 10-methyl C 18 : 0 (2.3 %), C 18 : 0 (1.8 %) and C 11 : 0 (0.9 %). The genomic DNA G+C content was 70.6 mol%.
BLAST search results using the 16S rRNA gene sequence of strain I10A-01259 T showed that the novel isolate exhibited the highest similarities with members of the suborder Streptosporangineae, such as Nocardiopsis arabia S186 T (93.2 %) and Actinomadura umbrina JCM 6837 T (93.0 %). However, in the phylogenetic tree based on the 16S rRNA gene sequences of members of all genera of the suborder Streptosporangineae, strain I10A-01259
T formed a distinct lineage between the families Nocardiopsaceae and Thermomonosporaceae (Figs 1, S3 and S4 (Table 1 ). These data suggested that strain I10A-01259
T represent a new genus in the suborder Streptosporangineae. The chemotaxonomic characteristics support the above conclusion. In the cellular fatty acid profile, although strain I10A-01259 T shared the common major fatty acid iso-C 16 : 0 with its close neighbours, anteiso-C 15 : 0 and iso-C 15 : 0 were also detected as main components. In addition, the menaquinone system (not mainly of the MK-10 type, but MK-11) differentiated strain I10A-01259
T from its sister taxa in the suborder Streptosporangiaceae.
Based on the phylogenetic position and chemotaxonomic data, a novel genus is proposed for strain I10A-01259 T , for which the name Allonocardiopsis gen. nov. is proposed. The type species of the genus is Allonocardiopsis opalescens sp. nov.
Description of Allonocardiopsis gen. nov.
Allonocardiopsis (Al.lo.no.car9di.op9sis. Gr. adj. allos another, the other, different; N.L. fem. n. Nocardiopsis a bacterial genus name; N.L. fem. n. Allonocardiopsis the other Nocardiopsis, referring to the fact that it is phylogenetically related to Nocardiopsis). Table 1 . Signature nucleotide patterns of Allonocardiopsis gen. nov. and known genera of the suborder Streptosporangineae Genera: 1, Allonocardiopsis gen. nov.; 2, Nocardiopsis; 3, Thermobifida; 4, Streptomonospora; 5, Haloactinospora; 6, Salinactinospora; 7, Marinactinospora; 8, Murinocardiopsis; 9, Spinactinospora; 10, Actinoallomurus; 11, Actinocorallia; 12, Spirillospora; 13, Actinomadura; 14, Thermomonospora; 15, Thermopolyspora; 16, Acrocarpospora; 17, Herbidospora; 18, Microbispora; 19, Microtetraspora; 20, Nonomuraea; 21, Planobispora; 22, Planomonospora; 23, Planotetraspora; 24, Sphaerisporangium; 25, Streptosporangium; 26, Sinosporangium.
Site (s)  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25 26 131 : 231 a-chymotrypsin, cystine arylamidase, esterase (C4), esterase lipase (C8), b-glucosidase, leucine arylamidase, lipase (C14), a-mannosidase, naphthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase (API ZYM). Produces acid from Larabinose, aesculin ferric citrate and L-rhamnose (API 50CH). Nitrate is not reduced. H 2 S and indole are not produced. Grows at 20-40 u C and pH 5.0-11.0; grows optimally at 28 u C and pH 7.0-9.0. Can tolerate up to 10 % (w/v) NaCl at 28 uC. Predominant polar lipids include some identified glycolipids. Contains MK-9, MK-11 and MK-12 at a ratio of 1 : 1.8 : 1, and a minor amount of MK-10.
The type strain, I10A-01259 T (5CPCC 203428 T 5DSM 45601 T 5KCTC 19844 T ), was isolated from a surfacesterilized red fruit of Lonicera maackii (Rupr.) Maxim., a medicinal plant, collected from a suburb of Beijing, China.
